among females residing in a 27-town study area (3) . The current investigation expands the geographic scope of that earlier study to 75 towns, examines disease incidence between 1979 and 1987, and includes non-Hodgkin's lymphomas (NHL) as well as leukemias. As with the earlier study, interviews were not conducted. The hypotheses were: 1) that the incidence of leukemia is associated with exposure to TCE and/or PCE; 2) that childhood leukemia, in particular, is associated with TCE and/or PCE; 3) that NHL is associated with TCE and/or PCE; and 4) that sex may be an effect modifier. These hypotheses were drawn from the previous findings in New Jersey and Woburn, Massachusetts, and upon the similar cellular origin of lymphoid cells in certain histologic groupings of NHL and leukemias (4, 5) .
Methods

Study Population
The study area encompassed 75 (12) . This procedure differed from the earlier leukemia study (3) . Each town required a separate method of summary estimation because of the idiosyncrasies of each distribution system and the varied space-time patterns of sampling (12) . The average and maximum concentrations of THMs, total non-THM VOCs, TCE, and PCE were estimated by considering together samples of finished water from the plant and samples taken from the distribution system (i.e., from the tap at a site other than a treatment plant). Homogeneous mixing was a necessary and, for most systems, a reasonably valid simplification. The number of distribution system samples for each supply varied from 2 to 50, depending upon the size of the supply and evidence of contamination. If water was also purchased in bulk from another system, the summary results were modified by amounts proportional to the estimated dilution factor, assuming complete mixing. Ultimately, a single summary average and maximum concentration for each contaminant was assigned to an entire municipality. Only results using the summary average are reported here because the relative ordering of municipalities by maximum levels was close to that of average concentrations.
Exposure variables were categorized for optimum use of the Poisson statistical methodology (see below). Four categories represented total VOC summary exposures for the 1984-1985 period: <0.1 (unexposed), 0.1-5, >5-20 and >20 ppb (with ppb equivalent to pg/l). The TCE and PCE summary exposure categories were each grouped as <0.1, 0.1-5, and >5 ppb. The latter cutpoint was chosen because the current U.S. EPA maximum contaminant levels for TCE and PCE were set at 5 ppb (13, 14) and because it included a population of sufficient size to provide useful statistical power for the analyses. Total trihalomethanes were analyzed in four divisions with the highest category of >50 ppb. The highest assigned TCE level was 67 ppb, the highest assigned PCE level was 14 ppb, the highest assigned total non-THM VOC level was 92.9 ppb, and the highest assigned THM level was 87.6 ppb. The population-weighted average of TCE and PCE in the highest categories were 23.4 ppb and 7.7 ppb, respectively. Four of the six municipalities in the highest TCE category were also in the highest PCE stratum. There were 11 municipalities in the highest PCE stratum. The population-weighted concentrations of TCE and PCE in the highest strata of the 48 muncipalities added for this expanded study are 8.7 and 10.5 in 2 and 4 added towns, respectively. The relative distribution of TCE and PCE contamination among the study towns is further described elsewhere (15) .
Due to the low concentrations and small populations involved with the other non-THM contaminants, the power to detect increased incidence was limited. Therefore, analysis was limited to presence or nondetection of these other contaminants.
New lyzed by combined 1978-1985 exposure data, the RR for all cases of female childhood ALL in the highest category of TCE exposure was 3.60 (95% CI 1.31-9.93).
The incidence rates of NHL among females (Table 2) were also more strongly associated with the higher levels of TCE than among males. The age-adjusted RR for total NHL among females in the highest TCE exposure stratum was statistically elevated. RRs 
Other Contaminants
No association was detected between leukemia or NHL incidence and THMs or with other non-THM VOCs, such as benzene, 1,1,1-trichloroethane, carbon tetrachloride, and trans-1,2-dichloroethylene. Percentage of groundwater composition of the water supply was not by itself associated with the incidence of total leukemia or NHL.
Only one town in the highest TCE stratum and one town in the intermediate TCE stratum were also contaminated with benzene in the 1-2 ppb range. There was no association between acute myelogenous leukemia or other leukemias and benzene. The strength of association of TCE with the incidence of childhood ALL among females and with non-Burkitt's high-grade NHL among females was unaffected by including benzene in the regression model.
Gross alpha radiation levels in water (which do not include radon) were also available. Average levels were all below 5 picocuries per liter, the current U.S. EPA standard. Gross alpha radiation (greater or less than 1 pCi/l, with about one-third of the population in the higher category) was not associated with the incidence of total leukemia or NHL. Estimated TRI carcinogenic air release in the study area was, with one exception, not by itself associated with the incidence rate of NHL or leukemia in either sex. While non-Burkitt's high-grade NHL among females was significantly associated with TRI in an age/TCE-adjusted model (RR=2.78; 95% CI 1.01-7.65), in that model the observed association with TCE in water was increased (RR=4.72; 95% CI 1.61-13.8).
Socioeconomic Factors
There were no significant differences between municipalities in the different TCE or PCE strata, based on municipal average annual household income and educational background (percentage of high school graduates) from data in the 1980 U.S. Census. Neither leukemias nor NHLs were associated with categorized municipal average income or education.
Discussion
An initial investigation conducted by Fagliano et al. (3) observed an association between both TCE and PCE in drinking water and the incidence of leukemia among females in a 27-town study area. For the current investigation, the original study area was expanded to 75 municipalities in order to include a larger exposed and unexposed population over a longer time period in order to enhance the power to detect associations for specific histological groupings of leukemia and NHL.
Of particular importance were elevated RRs for childhood ALL among females and non-Burkitt's high-grade NHL among females in the highest stratum of TCE exposure. Notably, incidence of diffuse large cell NHL, which may be as aggressive as high-grade NHL (9) , was also associated with TCE exposure. These same NHL types were also associated with TCE exposure among males. The highest stratum of PCE contamination in the 1984-1985 data was also associated with non-Burkitt's high-grade NHL among females, but because of collinearity of TCE and PCE contamination, it was difficult to assess the relative influence of each.
This study uses geographic data aggregated by exposure, but the exposure variables in this study come dose to estimating the exposure of all the population in an exposure category, approximating a nonecologic crude analysis (20) . However, this _I...AI Table 3 . Number of reported cases, age-adjusted rate ratios (RR), and 95% confidence interval (95% Cl) for leukemias in the northern New Jersey study area, 1979- (4, 5, (22) (23) (24) . In particular, occupational exposures to benzene have been linked to leukemias, especially AML, and lymphomas (25) (26) (27) . Chlorophenoxy herbicides have been linked by some to the incidence of NHL (28) (29) , but not by others (30) . The relative risk of myelogenous leukemia among smokers is moderately elevated (31) (32) (33) (34) .
While it is possible that radiation, occupational exposures, smoking, genetic predisposition, or infectious agents are distributed differentially among the exposure strata in this study, they are not likely to be differentially distributed to an extent that would affect these findings. Socioeconomic differences between TCE strata were small.
Benzene was found in the water supplies of one town in the highest combined TCE and PCE exposure categories. Although the concurrent presence of benzene in the water supplies may limit conclusions about the strength of association with TCE and PCE, there was little statistical support for the influence of benzene contamination. In addition, AML, the type of leukemia most often associated with benzene in occupational studies (25, 26) was not associated with benzene contamination of drinking water in this study.
Occupational studies of TCE and PCE exposures have found inconsistently elevated rates for leukemias and lymphomas, as well as for malignancies of the urinary tract, uterine cervix, and other sites (35) (36) (37) (38) (39) . However, most studies were small, had short follow-up times, and were based on mortality.
Inhaled PCE (about 300-350 mg/kg) significantly increased the percentage of young F344/N rats that develop a mononuclear cell leukemia which arises spontaneously in senescent rats of this strain (40) . Laboratory studies of adult mice have demonstrated elevated hepatic carcinomas after exposure to TCE (41, 42) or PCE (40) .
Based on the rodent studies, both TCE and PCE have been classified as probable human carcinogens by the state of New Jersey (43) . Human cancer risk could involve different potencies and different organs or cell types from those in the rodent studies. The cancer potency slope based on the 95% upper bound of the linearized multistage cancer model predicts that an added cancer risk of 1 per 100,000 is associated with lifetime ingestion of water contaminated with about 10 ppb ofTCE or PCE Environmental Health Perspectives 9--- (43) . This predicted added risk is in the same range as the increased leukemia and NHL incidence rates observed in the highest TCE stratum in this study. (44, 45) . This study provides information pertinent to current efforts to reduce water contamination. The results of this study, if corroborated by follow-up work, would support the policy of setting standards at levels that reflect protective public health assumptions.
